Hypothalamic amenorrhoea has been shown to be associated with hypercarotenaemia, but no causal link has been established. Many people are unaware of the health implications of carotenoderma. We report on a 36-year-old woman with normal body mass index and with a history of secondary amenorrhoea for 2 years and carotenoderma for 5 years. She had a history of practising a fixed-menu diet of predominantly leafy greens, exercised intensively and had a stressful job. Blood tests confirmed the presence of hypercarotenaemia and hypogonadotrophic hypogonadism. Carotenoderma subsided after 6 months of lifestyle modification, but she remained amenorrhoeic up to 12 months later. Since then, her condition had relapsed up to the time of 2 years of follow-up. We conclude that hypercarotenaemia/carotenoderma and hypothalamic amenorrhoea are manifestations of a constrained lifestyle rather than causally linked. The presence of carotenoderma should alert public individuals and clinicians, especially in primary care, alike for signs of potential health complications including reproductive dysfunction even without weight problems.
INTRODUCTION
Carotenoderma, an orange skin pigmentation, has been observed frequently in patients with anorexia nervosa, 1 likely because of a combination of increased dietary intake of carotene-rich vegetables or nutritional supplements, reduced hepatic conversion of β-carotene to vitamin A and/or hyperlipidaemia. Anorexia nervosa is also commonly associated with hypothalamic amenorrhoea. The observation of nine out of ten patients with secondary amenorrhoea who had hypercarotenaemia led Kemmann et al. 2 to speculate that high levels of β-carotene may relate to hypothalamic hypogonadotrophic anovulation, but their causal links remain unestablished. In some conditions such as hypothyroidism, patients may develop hypogonadotrophic anovulation and carotenoderma/hypercarotenaemia 3 (due to reduced conversion of β-carotene to vitamin A). Here we report on a young woman with normal body mass index who presented with progressive carotenoderma and secondary amenorrhoea with a 2-year followup to assess her progress after lifestyle modification.
CASE REPORT
A 36-year-old Caucasian former air stewardess presented with secondary amenorrhoea for over 2 years, which was preceded by a 5-year history of 'orange' skin, becoming progressively more visible on her face, hands and feet over 18 months prior to the consultation. The patient was unaware neither of the underlying cause of her skin pigmentation nor its health implications. She had spontaneous onset of pubescence and menarche at the age of 16 years. She was exceptionally 'health conscious', practising for the past 5 years a fixed-menu diet of boiled chicken breast, steamed broccoli, sugar-snap peas, asparagus and multivitamin supplements while avoiding red/orange colour vegetables and red meats, and exercising 60-80 min in the gymnasium five to six times a week.
Dietary assessment (Supplementary material) showed that the patient's estimated total calorie intake of 1950 kcal/day was slightly lower than the recommended total energy requirement of 2103 kcal/day. 4 Her basal metabolic rate was 1396 kcal/day according to Schofield equation 5 for her age (36 years) and weight (67.9 kg). The proportions of energy derived from fat (23.2%) and carbohydrate (19.2%) were well below, while energy derived from protein (57.7%) was well above, the dietary reference values for nutrition. 4 Physical examination showed the presence of carotenoderma over the patient's nasolabial folds, palms and soles (Figures 1a-c) . There was no evidence of scleral icterus. She had a normal body mass index (23 kg/m 2 ), waist circumference (78 cm) and percent body fat (25% of body weight) calculated from skinfold thicknesses. 6 Biochemistry tests revealed low levels of gonadotrophins and oestradiol consistent with a diagnosis of hypogonadotrophic hypogonadism. She had raised levels of β-carotene (10.30 μmol/l), which were 6.5-fold greater than the upper limit of reference (0.19-1.58 μmol/l), and raised levels of cryptoxanthine and zeaxanthine/lutein, which are found mainly in leafy greens. 7 Her ferritin levels were low (10 μg/l; reference range: 15-300 μg/l). The remaining pituitary and metabolic profiles were normal. Her bone mineral density assessed by dual X-ray absorptiometry and pituitary assessed by magnetic resonance imaging were both normal.
Our patient was offered dietetic counselling but preferred to perform lifestyle modification by herself. After 6 months of lifestyle modification by halving the exercise frequency and duration, changing to a more relaxing job and altering to a more varied diet with a reduction in intake of green vegetables, the patient's carotenoderma had subsided but secondary amenorrhoea continued to persist up to 12 months. Since then her condition had relapsed back to her previous dietary habits and exercise regimen up to the time of 2 years of follow-up.
DISCUSSION
In healthy individuals, the lipid-soluble provitamin β-carotene undergoes irreversible oxidative cleavage to vitamin A by the cytosolic enzyme β-carotene 15,15'-dioxygenase. This enzyme is a 66-kDa sulfhydryl protein that is found predominantly in the duodenal mucosa and liver. 8 Vitamin A has a range of vital systemic functions, but too much of its precursor β-carotene leads to carotenoderma, which tends to occur more frequently in infancy primarily due to increased bioavailability of carotene in their pureed/mashed vegetables and their slower metabolism of carotene than adults. There are a number of non-dietary (secondary) causes of hypercarotenaemia/carotenoderma including metabolic abnormalities, which were not present in our patient, such as hypothyroidism and diabetes mellitus (decreased conversion of carotene to vitamin A), hyperlipidaemia (increased binding sites for carotenoids from raised circulating lipoproteins), renal disease (reduced clearance), liver disease (reduced liver storage and conversion of carotene) 9 and rarely enzyme defect in the metabolism of carotene. 10 Our patient appeared to endure a triad of eating disorder, excessive exercise and work-related stress resulting in hypercarotenaemia/carotenoderma and hypothalamic amenorrhoea. Our patient's slightly low total calorie consumption may reflect underestimation of her intake rather than a restricted calorie diet as her weight remained relatively stable. She had a particularly high-protein, low-fat and low-carbohydrate diet. Our patient had a number of behavioural features suggestive of a compulsive disorder. Excessive exercise induces hypogonadism by suppressing gonadotrophin-releasing hormone pulsatile release, resulting in attenuation of leuteinising hormone pulses, 11 as demonstrated in a young male of similar age to our patient who acquired secondary hypogonadism from excessive exercise (Figure 2 ). Our patient was not aware that her 'orange skin' discoloration was caused by high consumption of predominantly green vegetables. This is perhaps not surprising since only about 3% of the general public are aware that fruit and vegetables are the sources of β-carotene. 12 Carotenoderma is rarely seen in healthy adults but occurs in about 21-24% of females with eating disorder 1, 13 and is frequently observed to be associated with hypothalamic amenorrhoea, 2 but no causal link has been established. The observation that the continuation of amenorrhoea in our patient for another 12 months after carotenoderma had subsided indicates that raised levels of β-carotene were unlikely to be causally related to hypothalamic amenorrhoea and may simply reflect a constrained lifestyle that led both to carotenoderma and to hypothalamic-pituitary-gonadal dysfunction. Recovery from exercise-induced amenorrhoea in athletes has been observed to take up to 6 months after relaxation of strenuous exercise.
14 Our patient still found it hard to maintain a less strict diet and exercise regimen and her condition had relapsed.
CONCLUSION
We report a case of a young woman with normal body mass index and fat distribution who presented with secondary amenorrhoea and associated carotenoderma, both of which are likely to be a consequence of constrained lifestyle. The presence of carotenoderma should alert public individuals and clinicians, especially in primary care, alike for signs of potential health complications including reproductive dysfunction even when there is no apparent sign of weight problems.
CONSENT
Written informed consent was obtained from the patient for publication of this case report and any accompanying images.
